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Abstract We assessed chronic effects of fipronil and

metabolite contaminated sediments from non-vegetated

and Thallia dealbata vegetated wetland microcosms on

Hyalella azteca during wet and dry exposures. Mean sed-

iment concentrations (ng g-1) ranged from 0.72–1.26,

0.01–0.69, 0.07–0.23, and 0.49–7.87 for fipronil, fipronil-

sulfide, fipronil-sulfone, and fipronil-desulfinyl, respec-

tively. No significant differences in animal survival or

growth were observed between non-vegetated and vege-

tated microcosms during wet or dry exposures. Mean ani-

mal body residue concentrations (ng g-1) ranged from

28.4–77.6, 0–30.7, and 8.3–43.8 for fipronil, fipronil-sul-

fide, and fipronil-sulfone. Fipronil-desulfinyl was not

detected in any animal samples.

Keywords Wetlands � Thallia dealbata �
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Fipronil is a phenylpyrazole insecticide registered for use in

the United States since 1996 to control a variety of domestic

and agricultural insect pests such as mosquitos, fleas, ticks,

grubs, thrips, and wireworms. According to NASS (2008),

from 2001 to 2005 approximately 30,000 kg year-1 of

fipronil was used on agricultural crops in the US for pest

management. As a result, there is a high probability for

fipronil and metabolite run-off from agricultural land,

entering waterways and mobilizing to sediments (Gunase-

kara et al. 2007) where these compounds can be moderately

persistant (Lin et al. 2008). Within waterways such as

drainage ditches, wetlands, or sediment retention ponds, the

presence of emergent aquatic plants such as Typha latifolia

L. and Thallia dealbata Fraser ex Roscoe could be useful in

mitigating fipronil and metabolite contamination of water

and sediment (Kröger and Moore 2008). However, due to

the paucity of published data regarding fipronil and

metabolite contamination, bioavailability and risk to ben-

thic aquatic biota in waterway sediments (Gunasekara et al.

2007; Lin et al. 2008; Maul et al. 2008) the effects of fi-

pronil and metabolite sediment contamination on sediment-

associated aquatic organisms is in need of assessment. This

study assessed chronic 28-days effects of fipronil and

metabolite contaminated sediments from non-vegetated and

T. dealbata vegetated wetland microcosms on Hyalella

azteca during wet and dry exposures. The crustacean

amphipod, H. azteca, was used since it is an epibenthic

detritivore found in association with waterway sediments

throughout much of North America (de March 1981).

Materials and Methods

Two sequential experiments were conducted in April and

May 2008 to assess effects of hydrological conditions (wet

vs. dry) on fipronil and metabolite sediment toxicity and

bioavailability between vegetated and non-vegetated

microcosms. Wet conditions (April) simulated flooded field

conditions, simulating dilution of fipronil amendments with

standing water in drainage systems (ditches). Dry conditions

(May) simulated waterless conditions in ditches prior to fi-

pronil amendment (i.e., no dilution effect). Vegetated
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treatment consisted of six upper monospecific microcosm

replicates planted in T. latifolia, followed by six lower

monospecific microcosm replicates planted with T. dealbata

connected hydrologically in series. Non-vegetated treatment

consisted of two microcosm replicates devoid of vegetation,

connected hydrologically in series. T. latifolia and T. deal-

bata are obligate wetland species commonly found in con-

structed wetlands and agricultural drainage ditches in

Mississippi (MS) (Kröger and Moore 2008). Microcosms

were half 209 L storage drums having an average height of

46 ± 0.34 cm and an average internal diameter of

56.3 ± 0.372 cm. Microcosms were filled with a sand base

substrate and overlaid with 5–10 cm of wetland soils from

the University of Mississippi Field Station (UMFS), Abbe-

ville, MS. Plant stands were grown in each microcosm for

2 years to achieve field density levels. Average total plant

stem densities for T. latifolia and T. dealbata were 49 ± 5

(19 ± 5 alive) and 38 ± 2 (24 ± 2 alive) m-2, respec-

tively. Fipronil (Regent 4SC�, 39.4% active ingredient) was

amended at 5 lg L-1 per treatment replicate, representing a

typical storm water run-off scenario of 0.1% of the total

insecticide application for a hypothetical farm. Each treat-

ment replicate was amended according to a calculated 6 h

hydraulic retention time (HRT) (3 h upper and 3 h lower).

However, the pesticide was delivered for 8 h, to simulate

overloading to the HRT for the microcosms. Surface sedi-

ment samples (top 5 cm) were collected at 8 h from all

non-vegetated (n = 4) and T. dealbata vegetated micro-

cosms (n = 6). However, sediment was not collected from

T. latifolia vegetated microcosms due to high root density

making sediment unavailable.

Fipronil and metabolites, fipronil-sulfide, fipronil-

sulfone, and fipronil-desulfinyl sediment and body residue

concentrations were analyzed according to Bennett et al.

(2000) and Smith et al. (2007), with modifications. Briefly,

an Agilent Model 7890A gas chromatograph (GC), equip-

ped with dual Agilent 7683B series autoinjectors, dual split-

splitless inlets, dual capillary columns, an Agilent Chem-

Station, with autoinjection set at 1.0 lL injection volume.

The Agilent 7890A GC was equipped with two micro

electron capture detectors (lECDs). Column oven temper-

atures were: initial at 75�C for 1 min; ramp at 10–175�C;

hold at 175�C for 15 min; ramp at 10–225�C and hold for

5 min. Carrier gas used was ultra-high purity (UHP) helium

at 28 mL/min and inlet temperature at 250�C. The lECD

temperature was 325�C with a constant make-up gas flow of

60 mL min-1 UHP nitrogen. Detection limits for sediment

samples were 0.1 ng g-1 and for animal tissue samples

were 1 ng g-1. Recoveries of fortified samples were C90%

for all analytes.

Twenty-eight day static non-renewal bulk sediment bio-

assays were conducted according to modified USEPA

(1994) protocol as follows. Briefly, exposures consisted of

40 g wet weight sediment sample with 160 mL overlying

hardness adjusted water (free from priority pollutants) from

the UMFS (Deaver and Rodgers 1996) placed in four rep-

licate exposure chambers (250 mL borosilicate glass beak-

ers) per treatment replicate along with two, 6 mm diameter

maple leaf discs as substrate and food. Control sediment was

also obtained from the UMFS. Six 4–5-days old H. azteca

were placed in each exposure chamber. Animals were fed

0.1, 0.5, 0.5, 0.5 mL of a 1:1 suspension mixture of rabbit

chow:Tetramin� flake food at 2, 2, 4, 10 g L-1 every 2 days

during week 1, 2, 3, and 4, respectively. Exposure chambers

were aerated every other day and water levels were main-

tained by addition of UMFS water to replace evaporated

water. Bioassays were conducted in a Powers Scientific, Inc.

Animal Growth Chamber with a 16:8 h (light:dark) photo-

period and a set temperature of 23 ± 1�C. Standard physical

and chemical water characteristics for sediment tests (tem-

perature, pH, dissolved oxygen, conductivity, hardness,

alkalinity, ammonium-N, nitrate-N, and nitrite-N) were

measured according to APHA (1998). Bioassay endpoints

measured were survival and growth (as wet weight in

milligram).

Data were analyzed using SigmaStat� v.2.03 statistical

software (SPSS 1997) and included descriptive statistics

and one-way analysis of variance (ANOVA) with Tukey’s

multiple-range test, when appropriate. Statistical analyses

were conducted on sediment pesticide and metabolite

concentrations, bioassay endpoints of survival and growth

(as wet weight), and pesticide and metabolite body residue

concentrations. When data failed parametric assumptions, a

Kruskal–Wallis one-way ANOVA on ranks with Dunn’s

multiple-range test was utilized. Alpha was set at 0.05.

Results and Discussion

UMFS control sediments were characterized as loamy sand

(88.4% sand, 11.5% silt, 0.1% clay) with low total organic

carbon (OC) content (0.3%). Non-vegetated sediments

were a silt loam (48.1% sand, 51.8% silt, 0.1% clay) with

1.8%–3.1% OC. T. dealbata vegetated sediments were a

sandy loam (54.6% sand, 45.3% silt, 0.1% clay) with

3.2%–5.0% OC. Mean 8 h sediment concentrations

(ng g-1) ranged from 0.72–1.26, 0.01–0.69, 0.07–0.23, and

0.49–7.87 for fipronil, fipronil-sulfide, fipronil-sulfone, and

fipronil-desulfinyl, respectively (Table 1). Patterns of

fipronil, fipronil-sulfide, and fipronil-sulfone contamination

in sediments were similar for both non-vegetated and

vegetated microcosms under both wet and dry exposures.

Only fipronil-desulfinyl had significantly different levels of

contamination between non-vegetated and vegetated

microcosms during dry exposure (Table 1). Observed

sediment concentrations of fipronil and fipronil-sulfone in
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the current study were comparable to sediment concentra-

tions for these same compounds occurring in waterways,

such as oxbow lakes and bayous, within the intensively

cultivated region of the lower Mississippi River alluvial

plain (i.e., the Delta) where median concentrations (ng g-1

d/w) ranged from \0.1 to 1.2 and \0.1 to 4.1 for fipronil

and fipronil-sulfone, respectively (Knight et al. 2007).

Sediment concentrations (ng g-1) of the metabolites fi-

pronil-sulfide and fipronil-desulfinyl ranged from 0.6 to

24.8 and 0.5 to 7.0, respectively, in samples from the

Mermentau River, Louisiana, draining a watershed with

significant agricultural land use (Gunasekara et al. 2007).

Mean standard overlying water quality parameters

assessed during all sediment bioassays were within accepted

limits for hardness adjusted water (Table 2) according to US

EPA methods using H. azteca (USEPA 1994). No significant

differences in 28-days animal survival or growth were

observed among control, non-vegetated and vegetated

microcosms during wet or dry sediment exposures. Mean

28-days H. azteca survival in control sediments was

87.2% ± 9.3%. Treatment survival ranged from 83.8 to

87.5 in non-vegetated sediments and 70.8% to 88.2% in

vegetated sediments (Table 3). Mean 28-days animal wet

body weight (growth) in control sediments was

2.4 ± 0.1 mg (w/w). Treatment growth ranged from 2.0 to

2.3 mg in non-vegetated sediments and 2.2 to 2.3 mg in

vegetated sediments (Table 3).

Available published data on sediment-bound fipronil

and metabolites fipronil-sulfone and fipronil-sulfide toxic-

ity are limited to the Dipteran insect, Chironomus dilutus

(formerly tentans) (Maul et al. 2008). There is no available

published data for the sediment toxicity of fipronil-desul-

finyl or any of these compounds with the amphipod,

H. azteca. Maul et al. (2008) showed C. dilutus sediment

10-days LC50 values were 0.13, 0.16, and 0.12 lg g-1 OC

for fipronil, fipronil-sulfide, and fipronil-sulfone, respec-

tively. Sediment fipronil and fipronil-sulfide concentrations

in the present study, adjusted for OC, are below reported

10-days LC50 values for C. dilutus, and these concentra-

tions did not affect H. azteca survival and growth after

28-days exposures. Gunasekara et al. (2007) showed

insects to be much more sensitive to fipronil and metabo-

lites than crustaceans in aqueous exposures. As a result,

sediment fipronil and metabolite concentrations may need

Table 1 Mean (SD) fipronil and metabolite sediment concentrations

(ng g-1 d/w; TR, trace) in non-vegetated and Thallia dealbata veg-

etated microcosms during wet and dry exposures

Exposure Non-vegetated T. dealbata vegetated

Wet

Fipronil 0.8 (0.1) 0.7 (0.2)

Fipronil-sulfide TR 0.1 (0.1)

Fipronil-sulfone 0.1 (0.2) 0.2 (0.2)

Fipronil-desulfinyl 0.5 (1.0) 2.3 (3.2)

Dry

Fipronil 1.3 (0.7) 1.0 (0.4)

Fipronil-sulfide 0.7 (0.9) 0.2 (0.1)

Fipronil-sulfone 0.1 (0.1) 0.1 (0.1)

Fipronil-desulfinyl 7.9 (5.8)� 2.0 (1.9)�

� Statistically significantly different (p \ 0.05) non-vegetated versus

vegetated

Table 2 Mean (SD) overlying water quality parameters for 28-days

Hyalella azteca sediment toxicity tests using sediment from non-

vegetated and Thallia dealbata vegetated microcosms during wet and

dry exposures

Exposure Non-

vegetated

T. delabata
vegetated

Wet

Temperature (�C) 23.0 (0.0) 23.1 (0.0)

pH 7.3 (0.1) 7.2 (0.1)

Dissolved oxygen (mg L-1) 6.0 (0.4) 5.8 (0.5)

Alkalinity (mg L-1 as

CaCO3)

44.9 (4.3) 49.9 (6.4)

Hardness (mg L-1 as CaCO3) 62.0 (4.3) 61.3 (6.4)

Conductivity (lmhos cm-1) 252.3 (9.8) 258.3 (15.2)

Nitrite-N (lg L-1) 26.8 (14.6) 24.5 (11.7)

Ammonia-N (lg L-1) 48.9 (30.9) 35.3 (34.9)

Nitrate-N (lg L-1) 244.3 (101.5) 188.2 (84.8)

Dry

Temperature (�C) 23.1 (0.0) 23.1 (0.0)

pH 7.3 (0.1) 6.9 (0.2)

Dissolved oxygen (mg L-1) 6.2 (0.0) 5.8 (0.4)

Alkalinity (mg L-1 as

CaCO3)

44.9 (4.3) 41.3 (3.5)

Hardness (mg L-1 as CaCO3) 55.6 (8.5) 57.0 (4.4)

Conductivity (lmhos cm-1) 264.8 (8.4) 242.5 (8.5)

Nitrite-N (lg L-1) 25.4 (5.1) 48.8 (46.2)

Ammonia-N (lg L-1) 27.1 (21.8) 29.7 (30.5)

Nitrate-N (lg L-1) 162.5 (51.0) 332.3 (341.9)

Table 3 Mean (SD) 28-days Hyalella azteca survival (%) and

growth (mg w/w) after exposure to fipronil contaminated sediments

from non-vegetated and Thallia dealbata vegetated microcosms

during wet and dry exposures

Exposure Non-vegetated T. dealbata vegetated

Wet

Survival (%) 83.3 (11.3) 70.8 (27.9)

Growth (mg wet weight) 2.0 (0.3) 2.3 (0.6)

Dry

Survival (%) 87.5 (5.9) 88.2 (11.3)

Growth (mg wet weight) 2.3 (0.8) 2.2 (0.7)
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to be greater than those examined by Maul et al. (2008) to

elicit responses from the crustacean H. azteca.

Mean animal body residue concentrations (ng g-1) ran-

ged from 28.4–77.6, 0–30.7, and 8.3–43.8 for fipronil, fi-

pronil-sulfide, and fipronil-sulfone. Fipronil-desulfinyl was

not detected in any animal samples (Table 4). Fipronil-sul-

fide body residue concentrations were significantly greater

with T. dealbata vegetated sediments than non-vegetated

sediments during wet exposures. However, fipronil-sulfone

body residue concentrations were significantly greater dur-

ing dry exposures than wet exposures only within

non-vegetated sediments (Table 4). Patterns of fipronil

metabolite body residues show the influence of vegetation

and facultative conditions on bioavailability of these com-

pounds to H. azteca.

Few studies have examined the bioavailability of fipronil

in crustaceans (Chaton et al. 2002; Biever et al. 2003; Smith

et al. 2007) and only Smith et al. (2007) assessed any fipronil

metabolites (fipronil-sulfone). These previous studies

showed a broad spectrum of fipronil concentrations in

crustacean tissues. Biever et al. (2003) observed\5 ng g-1

fipronil residues in tail muscle of crayfish (Procambarus

clarkia). Smith et al. (2007) showed fipronil and fipronil-

sulfone body residues ranging from \1 to 5 and 14 to

201 ng g-1, respectively in H. azteca. Chaton et al. (2002)

noted that crustaceans appear to be able to accumulate large

amounts of fipronil, regardless of their sensitivity to the

compound and suggested that crustaceans may either be

resistant to the compound’s mode of action, able to detoxify

the compound, or accumulate the compound in body fat or

cuticle. In the current study, fipronil body residues as great

as 78 ng g-1 elicited no observed survival or growth effects

for H. azteca. Observed differences in uptake of fipronil-

sulfide and fipronil-sulfone under different vegetated or

facultative conditions may be associated with differences in

OC amounts (as a possible additional nutritive food source)

and changes in sediment chemistry when the microcosms

shifted from wet to dry facultative conditions.

Results of the present study showed patterns of fipronil

and metabolite contamination in sediments were similar

for both non-vegetated and vegetated microcosms under

both wet and dry exposures with the exception of fipronil-

desulfinyl. Animals did not show any significant survival or

growth impairment at the greatest observed pesticide and

metabolite concentrations. However, with the exception of

fipronil-desulfinyl, these compounds were bioavailable and

had varying body residue patterns under differing vegetated

and facultative conditions.
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